We prove that a class of q-ary dual BCH-codes in characteristic 2 produce caps in AG(4; q): This is the rst family of caps of order 3q 2 in PG(4; q): It is proved that our caps are complete in PG(4; q):
Introduction
A cap in projective geometry PG(n; q) is a set of points no three of which are collinear. The construction of large caps in PG(4; q) or AG(4; q) appears to be a di cult problem. The best known asymptotic result is a family of caps of order 2:5q 2 in PG(4; q) in odd characteristic (see 3, 10] ). Here we speak of order cq 2 if the number of points is a polynomial in q with cq 2 as leading term. In characteristic 2 it had hitherto not been possible to construct families of caps in PG(4; q) of order more than 2q 2 : This asymptotic value is trivial to reach (the union of two ovoids in hyperplanes is a (2q 2 + 2)-cap in PG(4; q)). A survey of the problem is in 2], and 7] is a more general survey concerning related questions.
Theorem 1 shows that caps of order 3q 2 can be constructed in characteristic 2; more precisely in AG(4; q); where q = 2 f ; f odd.
Moreover the cap K q constructed in Theorem 1 essentially is a cyclic code. Clearly K q admits the cyclic group of order 3(q 2 + 1) as a group of automorphisms, with (1; 0) as xed point and with regular action on the remaining points of K q : In the language of the theory of cyclic codes we can describe K q nf(1; 0)g as the dual of the q-ary BCH-code of length 3(q 2 +1) and de ning set A = f0; 1g of exponents (see 1, 8] ). The claim that K q n f(1; 0)g is a cap is equivalent to the statement that the BCH-code has minimum distance 4: This will be proved in Section 2. In Section 3 we prove that K q is complete in PG(4; q): The maximum hyperplane section, equivalently the minimum distance of the code C q generated by K q ; will be determined in Section 4.
Theorem 2. The cap K q is complete in PG(4; q): All intersection sizes of K q with hyperplanes of PG(4; q) are multiples of 4: Let q be the maximum hyperplane intersection size of K q : Then 2 = 8; 8 = 32; 32 = 120 and, for q > 32; q = 3(q + 1 + t) , where t is the largest integer smaller than 2 p q; which is congruent to 3 mod 4:
Let C q be a 3q 2 + 4; 5] q -code whose generator matrix has as columns representatives of the points of K q (the extended dual BCH-code). We exhibit a close link between the weight distribution of C q and the weight distribution of the 2f-dimensional binary Kloosterman code, the dual M elas code. As the weight distribution of the Kloosterman codes is known by 9] we determine the weight distribution of C q :
The theory of sequences with low crosscorrelation motivated the study of binary cyclic codes with minimum distance 5; see 5] for the link to coding theory and 6] for a survey. Theorem 1 shows that interesting caps may be constructed as duals of BCH-codes. This raises the question to determine which cyclic codes have minimum distance 4: Another family of cyclic caps was recently constructed in 4]. Assume at rst a i = a j for some i 6 = j: Using the automorphism group we can assume a 2 = a 3 = 1 and w 3 = 1: The equation is ( + 1)a 1 w 1 = w 2 + :
As the second and third point are di erent, it follows w 2 6 = 1: Application of the norm (N(x) = x q 2 +1
) to both sides yields ( 
Completeness
In this section we prove that K q PG(4; q) is a complete cap. Proposition 1. Each point in the hyperplane avoided by K q is collinear with two points of K q :
Proof. Consider point (0; x): We want to nd 0 6 = 2 F q ; 0 6 = a 2 F 4 and w 1 ; w 2 A family of 2-weight codes
The following lemma will be used in the proof of Theorem 3 below. 
Kloosterman and M elas codes
In the sequel the trace Tr q;2 will often be used. We abbreviate it by tr 0 :
De nition 1. shows that Q i \ Q j = K k for fi; j; kg = f1; 2; 3g: Theorem 5. The points 6 = P 0 of our cap form the union K 1 K 2 K 3 : Each such point is on two of the quadrics Q 1 ; Q 2 ; Q 3 ; more exactly Q i \ Q j = K k whenever fi; j; kg = f1; 2; 3g:
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